INTRODUCTION
The Arbitrary Lagrangian Eulerian (ALE) approach is based on the arbitrary movement of a reference domain, which in addition to the common material domain and spatial domain, is introduced as a third domain, as detailed in [1] . In this reference domain, which will subsequently correspond to the finite element mesh, the problem is formulated. The arbitrary movement of the reference frame, accompanied by a moving mesh algorithm, in which the ALE mesh follows the moving structure to minimize the mesh size, enables us to rather conveniently deal with moving boundaries, free surfaces, large deformations, and interface contact problems. The sloshing of fluid within a tank is a typical example of free surface problems in both industrial and academic applications. In tank sloshing problems, when the tank is partially filled, both gas and liquid coexist and the interface between these two phases is called a free surface. The free surface designation means that the interface is not constrained by the gas. In other words, the difference between the liquid and gas densities is such that the only influence of the gas on the liquid surface is a relatively low pressure. Under these conditions, if the tank moves abruptly, a physical phenomenon occurs called sloshing.
Free surface fluid flows form an integral part of sloshing phenomenon. The fluid behaviour can be especially difficult to quantify when the free surfaces are arbitrarily complex in topology. Modelling these types of flows poses a significant challenge because the free surface, an irregular and transient surface, is ideally a discontinuity, which must be tracked across an ALE grid. Material interfaces are modelled with the Volume of Fluid (VOF) technique, which was first reported in [2] and more completely in [3] . On a discretized mesh, the numerical prediction of the position of the interface is given by the volume fraction indicator function, a scalar step function, where the value of one indicates the presence of one fluid in the control volume, and zero indicates the other. Grid cells with volume fraction values between zero and one locate the free surface. A new feature in the multi-material ALE code [4, 5] , is the volume fraction initialisation algorithm, which enables the construction of ALE grids, modelling many materials (two or more), with complex free surfaces or material interfaces.
Let us assume that one fluid initially fills all ALE control volumes, then, the others replace the first by taking into account surfaces or structure elements limiting the ALE field to be filled. Some classical surfaces available in the program can be used easily to make complex repartitions of materials. Lagrangian structure elements are generally boundaries for fluids; therefore a broad part of the program concerns the volume fraction distribution in the structure neighbourhood. Geometrical irregularities such as corners or structural angles require special treatment presented in this paper.
The volume fraction computation is based on the Virtual Cell Embedding method (VCE method) [6] . This grid generation method can generate a grid for any body or geometry shape placed in an arbitrary manner. The VCE method accurately evaluates the volume fractions in cells around complex bodies or geometrical shapes. If two fluids are separated by a Lagrangian structure (see Figure 1 ), the algorithm proceeds in several stages. The ALE grid is firstly filled by one of the two fluids and the first step is to calculate a normal for each of the structure elements as shown on Figure 1a . This normal defines the exterior and the interior of the structure. The second step is to determine the position of fluid nodes relative to the structure element normal. If an ALE cell is not intersected by the Lagrangian structure, this cell is fully filled by one of the two fluids, its volume fraction is either one or zero. If a cell is divided by the structure, a detailed check makes it possible to determine the volume fraction of this cell. The intersected cells are divided into a number of smaller sub-cells as shown on Figure 1b . The centre of each of these sub-cells is marked as to whether it lies inside or outside the structure by taking the interface orientation into account, so that a flag allows the choice of the side where the first fluid is replaced by the second one. The sum of sub-cell volumes evaluates the volume fraction repartition of both fluids in the intersected ALE cell. This volume fraction initialisation algorithm has been implemented in LS DYNA, an explicit multi-material ALE code.
In the first section of this paper, a concise description of the multi-material ALE formulation and the fluid structure coupling algorithm is provided. Next, the volume fraction computation problems are discussed and special treatment of geometrical singularities is described. In the third section, some numerical applications validate the volume fraction initialization algorithm. In particular, an industrial and realistic problem of a fuel tank under braking conditions establishes the efficiency of the algorithm in the multi-material ALE grid generation around a complex structure.
ALE DESCRIPTION OF THE GOVERNING EQUATIONS
Fluid problems, in which interfaces between different materials (fuel and air, or fuel and gas) are present, are more easily modelled by using a Lagrangian mesh. However, if an analysis for complex tank geometry is required, the distortion of the Lagrangian mesh makes such a formulation difficult to use, as many re-meshing steps are necessary for the calculation to continue. Another method that can be used is Eulerian formulation, which is a particular type of ALE formulation. This change from a Lagrangian to an Eulerian or more generally ALE formulation, however, introduces two problems. The first problem is the interface tracking [8] and the second problem is the advection phase or transport of fluid material across element boundaries. An ALE formulation contains both Lagrangian and Eulerian formulations. The Lagrangian description is the approach where the mesh moves with the material, making it easy to track interfaces and to apply boundary conditions. Using an Eulerian description, the mesh remains fixed while the material passes through it. Interfaces and boundary conditions are difficult to track using this approach; however, mesh distortion is not a problem because the mesh never changes. In the ALE formulation the governing equations are posed in a system that is free to move independently to the material flow, whereas in the Eulerian formulation, the governing equations are posed in a fixed system. A few definitions are necessary for the understanding of how this choice of reference system influences the appearance of the governing equations.
A spatial coordinate in space is denoted x and X is a material coordinate. The spatial velocity of the reference system is denoted v R (x, t), where t is the time. v(x, t) is the material velocity at the same time and point in space. The relative velocity between a particle and the reference system is denoted w(x, t). Thus, an arbitrary referential coordinate is introduced in addition to the Lagrangian and Eulerian coordinates.
Pure Lagrangian and Eulerian descriptions of motion are actually special cases of the ALE formulation. A Lagrangian formulation is obtained if the reference system, i.e. the mesh, moves with the material and w(x, t) = 0. In the Eulerian case, the reference system is fixed in space such that w(x, t) = v(x, t). The evolution of a state variable in the reference system, φ, can be expressed as
In an ALE formulation, Equation (2) must be solved for conservative variables, mass, momentum and energy.
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x t is the Cauchy stress tensor, b(x, t) is an external body force per unit mass and e(x, t) is the specific internal energy per unit volume. There are two ways to implement the ALE equations, and they correspond to the two approaches taken in implementing the Eulerian viewpoint in fluid mechanics. The first method solves the fully coupled equations for computational fluid mechanics; this approach used by different authors [1] , [9] [10] [11] , can handle only a single material in an element. The alternative approach is referred to as an operator split in literature, where the calculation, for each time step is divided into two phases. First a Lagrangian phase is performed (see Equation (6), (7) ), in which the mesh moves with the material, in this phase the changes in velocity and internal energy due to the internal and external forces are calculated. For a Lagrangian description of the problem, and the non-linear terms in Equations (3-5) will vanish. The mass conservation equation becomes trivial and does not need to be solved. The second phase is the advection phase presented in the following section.
OPERATOR SPLIT
In explicit hydrocodes, the most commonly applied approach for solving the ALE equations is to split each time integration cycle into two steps. In the first step, the reference system is forced to follow the material flow, such that w(x, t) = 0. This is referred to as the Lagrangian phase, during which all the non-linear terms vanish in the governing equations. All physical processes are assumed to evolve during this phase and Equations (6-7) are solved for one time step. The second step is the so-called advection phase. During this phase the reference system, i.e. the mesh, is moved to a preferred location. All physical processes are assumed frozen and only the advective terms remain to be treated in the governing equations. In this second phase, the transport of mass, momentum and internal energy across the element boundaries are computed. This phase may be considered as a re-mapping phase. The displaced mesh from the Lagrangian phase is remapped into the initial mesh for an Eulerian formulation, or an arbitrary distorted mesh for an ALE formulation. During the advection phase, we solve a hyperbolic or transport problem, where the variables are density, momentum and internal energy per unit volume. Details of the numerical method used to solve the equations are described in detail in [12] [13] , where first order Donor Cell method and second order Van Leer algorithm [14] are used. 
MULTI-MATERIAL FORMULATION
The volume fraction initialisation algorithm presented in this work is mainly designed for multi-material ALE simulations. The multi-material ALE formulation is a method allowing the FE mesh to move independently of the material flow and where each element in the mesh can contain a mixture of two or more different materials. There are different methods for defining the ALE mesh motion, which aim to minimise numerical advection related errors and mesh size. It is powerful by the fact that complex geometries can be described without an element grid matching the material interface. The multi-material concept is used in many hydrocodes, but its implementation is more complex than a single material formulation. Also, the memory requirement is higher, since each cell must be prepared to store more than one set of state variables. In fact, after the Lagrangian phase is performed, either the stress tensor, pressure and deviatoric stress should be equilibrated, but most mixture theories equilibrate only pressure, see Benson [17] , the pressure equilibrium is a non-linear problem, which is complex and expensive to solve. Skipping the stress equilibrium phase is assuming an equal strain rate for both materials, which is incorrect. For most problems, the linear distribution based on volume fraction of the volumetric strain during the Lagrangian phase also leads to incorrect results. The volume distribution should be scaled by the bulk compression of the two materials in the element. For example, in an element containing air and water, the air, which is highly compressible, will absorb most of the volumetric strain. By assuming an equal strain rate or volumetric strain scaled on the volume fraction of the element, the water is forced to accept the same amount of strain as the air, and will undergo artificially high stresses.
To determine the volume distribution in an ALE cell, the material interface position must be known in order to advect the materials to neighbouring cells correctly. An interface reconstruction method based on the Young Method [12] is used.
FLUID-STRUCTURE COUPLING ALGORITHM
Fluid-structure interaction problems can be treated using different formulations. The first one is contact formulation, where a contact interface is used to separate the Lagrangian structure mesh from the fluid mesh. This can be based on an ALE or Lagrangian formulation. For these problems, contact algorithms, described in detail in [19] , are used to compute the forces applied from the fluid to the structure and conversely. For explicit methods, nodal forces at the contact interface are updated at each time step to take into account the contact forces. For small fluid mesh deformations involving mesh distortions, classical ALE methods described in [11] are required to re-mesh the fluid domain since the fluid nodes at the contact interface move in order to remain in contact with the Lagrangian structure. However, for sloshing problems involving large mesh distortions, the classical ALE methods, equipotential, simple average and volume average as described in [20] , are not efficient. To solve the problem, an Euler-Lagrange coupling method is used; the method is described in detail in [7] , where an Eulerian or ALE formulation is used for the fluid and a Lagrangian formulation for the structure. At each time step, the coupling algorithm searches for the fluid-structure interface and computes the coupling forces to be added to nodal forces. In all ALE formulations, the finite element mesh is allowed to move independently from the material flow. Materials flow through the mesh using an advection scheme to update fluid velocity and history variables, thereby eliminating all problems associated with distorted mesh. A particular ALE formulation is Eulerian formulation, which generally models the fluid domain. However, if the tank moves, the computational fluid domain should be sufficiently large enough to model the liquid slosh. In the new multi-material ALE formulation, the fluid mesh motion can be prescribed or it can be forced to follow a coordinate system attached to the tank. A Fluid-Structure coupling algorithm using the new multi-material ALE formulation for the fluid solves sloshing problems more effectively. This Fluid-Structure coupling algorithm is called Euler-Lagrange coupling. From a mechanical point of view, the coupling algorithm is similar to penalty contact algorithm; it is mainly based on force equilibrium, and energy conservation, and can be described as Eulerian contact.
Describing the coupling algorithm in detail is not the aim of this paper; instead the penalty algorithm principle is introduced.
In an explicit FEM method, the contact algorithm computes interface forces due to impact of the structure on the fluid, these forces are applied to the fluid and structure nodes in contact in order to prevent a node from passing through contact interface. An ALE or Lagrangian mesh is used for the fluid. The literature on contact algorithms is extensive, but most of it is devoted to static problems, the literature devoted to contact for dynamic fluid structure interaction problems is very limited, one of the problems encountered in these applications is the high mesh distortion at the contact interface, due to high fluid nodal displacement and velocity. This problem is still unsolved since most of the ALE remeshing algorithms, including the equipotential methods, simple and volume average methods, are not efficient to maintain a regular mesh for the calculation to continue, example problems are described in [20] , [4] . In contact algorithms, one surface is designated as the slave surface, and the second as the master surface. The nodes lying on both surfaces are also called slave and master nodes respectively. The first approach for contact is kinematic contact, where the velocity of the slave node is computed from the velocity of the four nodes of the master segment, constraining the slave node to be maintained on the master segment and preventing penetration. For fluid-structure interaction problems, this contact conserves total momentum, but not the total energy. The second approach, penalty contact, is different from the previous one. The penalty method imposes a resisting force to the slave node, proportional to the penetration, (see Eq. (10)) through the master segment, this force is applied to both the slave node and the nodes of the master segment in opposite directions to satisfy equilibrium: the force applied to the nodes of the master segment are scaled by the shape functions.
F s = -kd [9] F N kd
where N i is the shape function at node i (i = 1, 2 in two dimensions, and i = 1, 4, in three dimensions), of the master segment, taken at slave node location, and d is the penetration distance. In case the slave node coincides exactly with one of the master nodes, node 1 for instance, we will have:
The coefficient k represents the stiffness of a spring. In fact, this method consists of placing normal interface springs between all penetrating nodes and the contact surface (see Figure 2 ). maximum penalty force by the contact force between two spheres which is given by Eq. (15):
where F s is the force acting between the spheres, M m and M s are respectively the slave and master element mass, and u s and u m are the velocities of spheres. Nevertheless, the contact algorithms have a drawback: for large deformations of materials, the mesh distortions are important. In the Euler Lagrange Coupling, the structure is embedded in an Eulerian fixed or ALE moving mesh. The coupling algorithm allows fluid material to flow around and along the structure but not through the structure. Flow through the structure is prevented in an approximate way by applying penalty forces to the fluid and structure. As soon as a fluid particle penetrates through a Lagrangian structure, a force of recall is applied to both fluid particle and structure node to prevent penetration from occurring. Penalty coupling behaves like a spring system and penalty forces are calculated proportionally to the penetration depth and spring stiffness. The head of the spring is attached to the structure node or structure coupling point and the tail of the spring is attached to the fluid particle that lies inside a fluid element, which is intercepted by the structure. Similar to penalty contact algorithm, the coupling force is described by:
where k represents the spring stiffness, and d the penetration.
The penalty coupling algorithm is illustrated in Figure  3 . The force F in Eq. (16) is applied to both fluid particle and structure coupling point in opposite directions to satisfy force equilibrium at the interface coupling. The main difficulty in the coupling problem comes from the evaluation of the spring stiffness. The stiffness value is problem dependent, a good value for the stiffness should reduce the energy interface in order to satisfy total energy conservation, and prevent fluid leakage through the structure. Since the stiffness computation takes the fluid particle mass into account, an accurate volume fraction The spring stiffness is given by Eq. (13) in terms of the bulk modulus K of the master material, V the volume of the master element and A the area of the master segment:
where fp is a scale factor for the interface stiffness and its default value is set 0.1. Larger values may cause instabilities. Therefore, Belytschko and Neal [19] give the inequality Eq. (14) for the calculation of the coefficient:
where C is the Courant number. They also limit the initialization of multi-material ALE cells is required to avoid initial errors in the coupling force evaluation.
VOLUME FRACTION INITIALISATION ALGORITHM
The ALE cells intercepted by the structure in Computational Fluid Dynamics are less important than in fluid structure interaction. Tremblay [22] handles arbitrarily shaped bodies in a computational fluid domain by excluding all internal cells from the numerical calculation. A thin layer of excluded cells along the surface body approximates the body boundary for the computational fluid domain and the numerical solution is computed far from this boundary. In coupling problems, the numerical solution is calculated onto the body boundary and the initial volume fraction computation of intercepted cells must be accurate. In the industrial domain, structural geometries are very complex, for example, in fuel tank analysis the tank shape must respect particular industrial designs and the structure may interact with many fluids. The numerical accuracy of fluid-tank coupling depends on precise volume fraction estimations of fluids in the ALE cells surrounding the structure.
For regular geometries such as a sphere or an ellipsoid, a classical approach, for which the condition identifying the internal and external domain is based solely upon on a dot product, works well. However complex geometrical shapes often appear on a realistic structure and can imply estimation errors in volume fraction repartition around these points. The volume fraction computation of ALE cells near these points require particular precautions described in this part. Looking at the classical approach of the volume fraction computation, a structure composed of 4-node elements is dipped in an ALE grid, which initially represents one fluid: the volume fraction of each ALE cell is zero. The structure divides the fluid domain into an external and an internal domain. The aim is to fill the internal domain with a second fluid: the volume fraction of an ALE cell in this domain will be one. If the cell is intersected by the structure, the volume fraction value will be between zero and one. The classical method to solve this problem iterates the following steps for each ALE cell: developed by Landsberg [6] in 1997 enables the accurate computation of the volume fraction of the intersected ALE cell. The VCE approach divides this cell into subcells. The steps 1-4 are re-run by substituting ALE nodes by sub-cell centres.
Step 4 gives the repartition of sub-cells around the structure. Volume fraction estimations of both fluids are derived. This approximation depends on the number of sub-cells. The more sub-cells there are, the more accurate the volume fraction determination is.
However, in the case that the structure has geometrical singularities, steps 1-4 presenting the classical approach may cause non-volume fraction of an external ALE cell. Looking at Figure 4 , the dot product is negative in node A of the shaded ALE cell. The volume fraction of this cell is calculated by considering the node A as internal. For example, Figure 5 presents a corner-shaped structure composed of 6 shell elements embedded in an ALE grid initially filled with air. Normals are oriented towards the external side of the structure. Figure 4 Method based on the nodal average normal vector: description of the problem.
Fringe levels 1.000e+00 7.500e-01 5.000e-01 2.500e-01 0.000e+00 Figure 5 Method based on the nodal average normal vector: application to corner-shaped structure.
The classical method is applied to internal ALE cells in order to compute the fluid volume fraction repartition. The ALE cell volume fractions are correctly computed except for the cell containing the corner whose volume fraction is 0.5 (50% filled). Since the structure vertex is at the centre of the ALE cell, the volume fraction should be 0.25. This error would involve badly evaluated coupling forces near the corner. To avoid this problem, let us consider the closer structure node and neighbour element centres c i (with i f = 1, 2 in 2D and i f = 1, . . . , 4 in 3D). For each c i , the dot product n i · d i in which n i is the unit normal in c i and d i , vector oriented from c i to the fluid node. The condition for checking the position of the fluid node relative to the structure depends on α, the angle between tangents to a singular point. If α > π (see Figure 6 ), the node A is external to the structure if one of the dot products n i · d i at least is positive. If α > π (see Figure 7) , the node A is external to the structure if all dot products n i · d i are positive. By taking into account these two conditions, the corner-shaped structure problem is corrected as shown on Figure 8 the ALE cell containing the corner gets a volume fraction of 0.25. The extension of this approach to 3-D case is easy and it enables the treatment of any irregularity on a 3D structure. This new algorithm can generate multi-material ALE cells. In fact, the volume fraction is computed if the material in a cell must be replaced. The volume fraction algorithm can be successively applied on the same ALE cells so that they contain many materials. For example, let us consider a rectangular tank embedded in an ALE grid initially filled with air. A numerical model of this tank containing gas and fuel is constructed in two steps. Firstly, the air material is changed and the tank is fully filled with fuel. The volume fraction computation is based on the previous description of the algorithm and takes into account normal orientations. Internal ALE cells are fully filled with fuel and the intersected ones contain air and fuel (see Figure 9a ). Secondly, the algorithm is applied to ALE cells filled with fuel above the horizontal plane defined by z = 0. These cells are then filled with gas and three functions give the volume fraction distribution of gas-air, gas-fuel and air-fuel. On Figure 9b , many materials can share an ALE cell volume: 25% gas, 25% fuel and 50% air. In the doi:10.1533/ijcr.2005.0341 © Woodhead Publishing Ltd following sections, the algorithm is validated and then applied to a similar problem in which the structure geometry is complex.
NUMERICAL APPLICATIONS -CYLINDRICAL SHOCK TUBE PROBLEM
A cylindrical version of the linear shock tube problem was considered to validate the volume fraction initialisation algorithm. The two-dimensional shock expansion of a high pressure gas in air was modelled with the following initial mass density and internal energy per volume unit: -For r > 5 m, ρ air = 1.29 kg · m -3 , e 0 = 0 MPa -For r > 5 m, the gas mass density is close to the air one, e 0 = 2.5 MPa
The constitutive equation of perfect gas is considered:
with γ the ratio of specific heats. The problem was modelled using two different techniques in order to validate the volume fraction initialisation algorithm.
-Case 1: The volume fraction initialisation algorithm is applied on a Cartesian grid in order to build an initial cylindrical boundary between air and gas with a radius of 5m. (Figure 10 ) -Case 2: The mesh is projected onto the circular boundary.
No elements are shared between the air and gas materials. (Figure 10 )
Air Air Gas Gas Case 1 Case 2 Figure 10 Initial volume fraction repartition of gas and air.
By displaying a 0.5 -iso surface on the mesh as seen in Figure 11 , the exact boundary between the gas and air can be obtained. By comparing the volume fraction initialisation method, case 1, with case 2 where no elements share materials, it can be seen that the initial boundary between the gas and air has been determined correctly by the algorithm.
In order to provide further validation modelling of wave propogation was undertaken, and the results for the pressure profiles at 19 m from the centre were compared.
From Figure 12 it can be seen that the wave propagation compares well in both cases.
Air

Gas Gas
Air Case 1 Case 2 Figure 11 Initial volume fraction repartition of gas and air shown as a 0.5-iso surface. Figure 12 Wave propagation at t = 0 s and at t = 0.03 s. Figure 13 shows the pressure profiles at 19 m from the centre, both cases are shown to agree well.
From the study it is shown that the broadening of the shock discontinuity is identical in the case 1 and 2. A Cartesian multi-material grid, for which the material boundaries are built by the volume fraction initialisation algorithm provides results as accurate as those obtained by a multi-material mesh projected on the material boundaries.
CRASH PROBLEM WITH A COMPLEX PARTIALLY FILLED TANK
In impact problems involving partially filled fuel tanks, both gas and liquid coexist, and the difference between the liquid and gas densities is such that the interface is not constrained. Under these conditions, a Lagrangian approach is the easiest method of modelling fluid problems, in which different material interfaces are present. However, when the free surface undergoes large deformations in a container with complex geometry, the distortion of the Lagrangian mesh makes such a method difficult to use. Many re-meshing steps are required for the calculation to continue.
The new multi-material ALE formulation presented in detail in [7] provides a way of using an undistorted mesh for the fluid domain by handling more than one material in an ALE cell. The tank represented in Fig. 14 is composed of 15326 Lagrangian shell elements. The tank was embedded within a rectangular multi-material ALE mesh composed of 79800 eight-noded ALE cells. The volume fraction initialisation algorithm was applied to fill the tank with the correct levels of fuel and gas.
Firstly the rectangular ALE grid was filled with air; the objective was to then fill the tank with fuel and gas.
Next the internal ALE cells within the tank were fully filled with fuel and the cells intersected by the structure were filled with air and fuel. The algorithm was then applied to the ALE cells filled with fuel above a horizontal plane defining the fuel level within the tank. These cells were filled with gas and the elements at the boundaries were assigned the correct volume fraction of gas, air and fuel. Figure 15 shows the initial conditions and the fuel level in the tank prior to and after impact with a rigid wall, simulating the sloshing of the fuel during an impact or crash. Figure 16 shows the contours of Von Mises stress at several time intervals during the impact.
Currently experimental data is unavailable for comparison of the fuel slosh and tank stresses, however, plans have been made to undertake experimental testing of the tank at Visteon facilities in Detroit during the next stages of this research. Despite the absence of experimental results from the crash problem the analysis has demonstrated the usefulness of the volume fraction initialisation algorithm in the modelling of transient fluidstructure interaction problems, which involve complex geometries and several different fluids. This technique can significantly reduce the modelling time and complexity in problems of this nature enabling many models to be easily produced allowing analysis of many loading cases with varying levels of fluid within the tank.
CONCLUSION
In conclusion a new volume fraction initialisation algorithm has been described in detail and implemented into an explicit dynamics code. The algorithm enables accurate modelling of multi-material ALE meshes with many complex free surfaces or material interfaces around complex structures, which are frontiers between two or more different fluids. The volume fraction initialisation algorithm was validated by comparing a shock problem modelled using the volume fraction initialisation method with a model constructed using a classical adapted meshing technique, in which no elements contain multi materials. Comparison of the shock wave propagation and the pressure time history showed that both modelling methods produced the same results, hence validating the volume fraction initialisation modelling method. The algorithm was then applied in the modelling of a crash impact of a fuel tank with complex geometry, which was filled with fuel and gas. The algorithm correctly modelled the levels of fluid and gas within the tank, proving its application to complex geometrical structures. The algorithm provides an accurate computation of the volume fraction repartition around geometrical singularities of structures such as corners. Specifically, in fluid-structure interaction, the algorithm permits the creation of a correct repartition of more than two fluids around a complex structure with no volume fraction errors near geometrical singularities such as corners, contrary to current initialisation methods. The volume fraction initialisation algorithm as well as the coupling algorithm was implemented in an explicit finite element code LS-DYNA, a finite element code modelling highly transient problems. It provides a way of building an accurate initial multimaterial ALE mesh by improving the flexibility and efficiency of ALE formulations. It will be greatly useful in modelling fluid-structure interactions with complex structural topologies.
